Introduction {#sec1}
============

Primary pericardial tumors are rare conditions that can mimic classic constrictive pericarditis. Multimodality imaging can provide enhanced tissue characterization of the pericardium, which improves noninvasive diagnostic performance, particularly in rare cases, such as primary pericardial tumors, presenting with constrictive pathophysiology.

Case Presentation {#sec2}
=================

A 74-year-old man presented to the emergency department with a 3-month history of progressive dyspnea, fatigue, and pedal edema. His past medical history is pertinent for smoking, Hodgkin\'s lymphoma treated with radiation therapy, and prostate cancer treated with radical prostatectomy. Cardiopulmonary examination revealed jugular venous distension with positive Kussmaul\'s sign, decreased breath sounds at the right lung base, an irregular cardiac rhythm, an early peaking 2/6 systolic ejection murmur over the right upper sternal border, and an absent pericardial knock. There was peripheral pitting edema, along with hepatomegaly.

An initial electrocardiogram demonstrated atrial fibrillation with a ventricular response rate of 120 beats per minute. Chest x-ray revealed a right-sided pleural effusion and cardiomegaly without pericardial calcification. Chest computed tomography (CT) with contrast demonstrated a circumferential organized pericardial collection ([Figure 1](#fig1){ref-type="fig"}). On CT, the mean density of the right-sided simple pleural effusion was ∼7 Hounsfield units. In contrast, the density of the pericardial collection was higher, with a mean value of ∼30--45 Hounsfield units, suggesting the presence of a highly proteinaceous fluid collection. A limited transthoracic echocardiogram confirmed the circumferential pericardial effusion, as shown in [Figure 2](#fig2){ref-type="fig"}A-D and [Video 1](#appsec1){ref-type="sec"}. Respiratory variation in transmitral and transtricuspid flow is demonstrated in [Figure 3](#fig3){ref-type="fig"}, while annulus reversus on tissue Doppler imaging is demonstrated in [Figure 4](#fig4){ref-type="fig"}. Subxiphoid pericardiocentesis ([Video 2](#appsec1){ref-type="sec"}) yielded 1 L of bloody fluid, with scant reactive mesothelial cells but no malignant cells.Figure 1Chest CT with contrast showing a circumferential organized pericardial collection. The density of the right-sided simple pleural effusion had a mean value of ∼7 Hounsfield units (*red asterisk*). In contrast, the density of the pericardial collection was higher, with a mean value of ∼30--45 Hounsfield units (*yellow asterisk*), suggesting the presence of highly proteinaceous fluid collection.Figure 2Transthoracic echocardiogram showing a circumferential organized pericardial effusion (*asterisk*) in the four-chamber **(A)**, two-chamber **(B)**, three-chamber **(C)**, and subcostal views **(D)**.Figure 3**(A)** Transmitral pulsed wave Doppler at the level of the mitral leaflet tips with respirometry tracing seen in the second half of the clip, demonstrating significant respiratory variation of more than 25% when comparing the first beat of inspiration with the first beat of expiration (*arrows*). **(B)** Transtricuspid pulse wave Doppler at low speed with sample volume at the level of the tricuspid leaflet tips with suboptimal respirometry tracing seen, attempting to demonstrate a significant respiratory variation of more than 40% when comparing the first beat of inspiration with the first beat of expiration (*arrows*).Figure 4**(A)** Tissue Doppler tracing at the septal mitral annulus, demonstrating a peak e\' velocity of 11 cm/sec. **(B)** Sample volume is located at the lateral mitral annulus, reaching an e\' velocity of 8 cm/sec. Overall, findings are consistent with annulus reversus, where tethering of the lateral annulus/wall prevents normal longitudinal motion, resulting in slight overcompensation of the septal annulus/wall and reversed ratio.

Subsequently, the patient was discharged on beta-blockers, diuretics, nonsteroidal anti-inflammatory analgesia, and colchicine. Over the next few months, he was readmitted to the hospital on several occasions with debilitating shortness of breath and signs of volume overload. A subsequent transthoracic echocardiogram, 6 months after the initial echocardiogram, revealed a circumferential pericardial effusion, diastolic septal bounce, and mild aortic stenosis with calcification of the aortomitral continuity. Myocardial strain imaging revealed reduced peak systolic strain in the anterolateral left ventricular (LV) segments (−13% to −17%), with preserved peak systolic strain in anteroseptum (−24%; [Figure 5](#fig5){ref-type="fig"}). Transesophageal echocardiogram performed prior to cardioversion during an episode of atrial fibrillation was again notable for a circumferential pericardial collection ([Video 3](#appsec1){ref-type="sec"}A-C).Figure 5Two-dimensional myocardial longitudinal strain imaging showing reduced segmental peak systolic strain in the anterolateral (**A**, *arrow*), anterior (**B**, *arrow*), and inferolateral (**C**, *arrow*) walls. **(D)** Bull\'s-eye plot demonstrates overall reduction in segmental longitudinal strain, with relative preservation of the septal segments.

Cardiac magnetic resonance imaging (CMR) was performed to further investigate the pericardial collection. It demonstrated decreased signal intensity in the pericardial collection, compared with pleural effusions on steady-state free-precession (SSFP) sequences before gadolinium administration ([Figure 6](#fig6){ref-type="fig"}A, [Videos 4](#appsec1){ref-type="sec"}A and [5](#appsec1){ref-type="sec"}A). After gadolinium administration, the signal intensity within the pericardial collection increased ([Figure 6](#fig6){ref-type="fig"}B, [Videos 4](#appsec1){ref-type="sec"}B and [5](#appsec1){ref-type="sec"}B), suggesting hypervascularity. Further tissue characterization achieved with fat saturation T2-weighted imaging revealed a hyperintense signal throughout the pericardial collection, supporting the diagnosis of a pericardial tumor ([Figure 7](#fig7){ref-type="fig"}). Furthermore, delayed gadolinium enhancement images revealed increased though heterogeneous signal intensity, further supporting the diagnosis of a soft-tissue tumor ([Figure 8](#fig8){ref-type="fig"}). Additionally, there were classic features of constrictive pathophysiology as demonstrated by the free-breathing SSFP sequence ([Video 6](#appsec1){ref-type="sec"}), where the circumferential pericardial tissue results in significant respirophasic septal shift.Figure 6**(A)** CMR SSFP sequence, horizontal long-axis view, demonstrating decreased signal intensity in the pericardial collection (*asterisk*), compared with the simple pleural effusions (*arrow*), prior to gadolinium injection. **(B)** After gadolinium administration, the signal intensity within the pericardial collection increased.Figure 7Fat saturation T2-weighted imaging showing hyperintense signal throughout the pericardial collection (*asterisk*), suggesting the presence of vascularity and edema, which are characteristic of soft-tissue tumors.Figure 8Delayed gadolinium enhancement **(A)** four-chamber and **(B)** two-chamber views showing heterogeneous hyperenhancement throughout the pericardium (*asterisk*), suggesting a soft-tissue mass with increased interstitial space.

On the basis of these findings the patient was referred for pericardiectomy with a clinical diagnosis of constrictive pericarditis due to pericardial tumor. Additionally, it was postulated that there could have been an element of restrictive cardiomyopathy, in the context of prior thoracic radiation. During pericardiectomy, the heart was found to be encapsulated in markedly thickened soft tissue ([Figure 9](#fig9){ref-type="fig"}). A pericardial tumor was resected, and pathologic examination demonstrated a malignant mesothelioma ([Figure 10](#fig10){ref-type="fig"}). Over the next few days, the patient progressively developed worsening multiorgan failure and eventually expired on postoperative day eight.Figure 9Postoperative image of resected pericardial mass with an indurated and retracted appearance.Figure 10Malignant mesothelioma of the pericardium. **(A)** Gross specimen showing the parietal pericardium transitioning from mild to moderate thickening and formation of a bulky 2.5-cm mass (scale bar, 1 cm). The *small white rectangle* indicates the area of the tumor shown in panels **B-F**. **(B)** On microscopic examination, there is clear epithelioid malignant mesothelioma with tumor cells forming gland-like spaces and micropapillae (×400, hematoxylin and eosin). **(C)** The same area of the tumor (*red cells*) shows active fibrosis (*green yellow*) with spindle cells in the stroma, which imparts a white color to the gross specimen (×400, Movat pentachrome). **(D)** Immunohistochemistry for detection of calretinin shows strong immunoreactivity both in the cytoplasm and in the nuclei of the tumor cells (×400, calretinin immunohistochemistry). **(E)** The tumor cells also show nuclear staining for WT-1 (×400, WT-1 immunohistochemistry). **(F)** The sustentacular cells of the tumor are intensely stained by D2-40 (×400, D2-40).

Discussion {#sec3}
==========

Primary pericardial tumors are rare conditions and may include benign tumors, such as fibroma and lipoma, and malignant tumors, such as mesotheolioma and sarcoma.[@bib1] Pericardial mesothelioma is an exceedingly rare tumor, accounting for approximately 1% of all mesotheliomas.[@bib1] The etiology of primary malignant mesothelioma of the pericardium remains unclear, although asbestos exposure has been reported in some cases.[@bib2] The median survival of unresectable pericardial mesothelioma is dismal: usually in the order of 6 months.[@bib3] Radical surgery remains the cornerstone of treatment in an attempt to resect the localized disease.[@bib4] However, the long-term prognosis often remains poor, despite surgical treatment. This may be related to the malignant nature of the condition but also may partially reflect the difficulties often associated with the diagnosis of this condition. Only several hundred cases of pericardial mesothelioma have been reported in the literature, and it has been reported that the correct antemortem diagnosis was made in only around one quarter of these patients.[@bib5]

This case describes a rare case of a primary malignant pericardial mesothelioma presenting as constrictive pericarditis. However, on echocardiography initially, the impression was that the patient\'s symptoms were a result of a circumferential pericardial effusion. This led to an initial pericardiocentesis. However, this intervention was not successful, and our patient presented to the hospital again on multiple occasions with worsening dyspnea and signs of volume overload. Subsequently, on detailed assessment involving multimodality cardiac imaging with echocardiography, multidetector cardiac CT, and CMR, we were able to demonstrate that the circumferential echo-lucent "pericardial effusion" indeed represented a malignant circumferential pericardial soft-tissue tumor. Advanced echocardiographic assessment with strain imaging was used for the assessment of constrictive physiology. Regional myocardial mechanics have been studied in patients with constrictive pericarditis.[@bib5], [@bib6] It has been shown that patients with constrictive pericarditis have selectively depressed LV anterolateral wall strain and right ventricular free wall longitudinal strain but preserved LV septal wall systolic strain.[@bib6], [@bib7] Our patient underwent pericardiectomy, and the final histological examination confirmed the multimodality cardiovascular imaging findings.

This case highlights the importance of incorporating multimodality cardiovascular imaging in the assessment of selected cases of constrictive pericarditis, in order to ensure that rare pericardial conditions, such as a primary malignant pericardial mesothelioma, are appropriately diagnosed.

Supplementary Data {#appsec1}
==================

Video 1Transthoracic echocardiogram showing a circumferential organized pericardial effusion with diastolic septal bounce and reduced longitudinal annular motion in a patient with findings characteristic of radiation heart disease: calcified, restricted aortic valve leaflets, thickness, restriction and calcification of the aortomitral curtain, and anterior mitral leaflet. **(A)** Parasternal long-axis view. **(B)** Apical four-chamber view. **(C)** Two-chamber view. **(D)** Off-axis three-chamber view. **(E)** Basal short-axis view.Video 1BVideo 1CVideo 1DVideo 1EVideo 2Transthoracic echocardiogram (subcostal view) during subxiphoid pericardiocentesis showing a large pericardial effusion, predominantly anterior to the right ventricle and right atrium. Notice the mobile, filamentous debris intertwined in between the visceral and the parietal pericardium. Also evident is the minimal longitudinal annular motion and absence of forceful atrial contraction, suggesting that the surrounding pericardium was adherent to the walls of the atria and left ventricle. The artifact demonstrated to the right of the image resulted from needle advancement during the pericardiocentesis.Video 3Transesophageal echocardiogram. **(A)** Midesophageal four-chamber view showing a circumferential pericardial effusion, diastolic septal shift, decreased tricuspid and mitral annular longitudinal motion, calcification and restriction of the anterior mitral leaflet, and an interatrial septal aneurysm. (**B** and **C**) Transgastric midventricular short-axis view to the left of the 90° biplane two-chamber long-axis view demonstrating the same circumferential but more organized pericardial collection.Video 3BVideo 4Similar to Figure 6, **(A)** CMR horizontal long-axis SSFP cine sequence demonstrates decreased signal intensity within the pericardial collection compared with the simple-appearing pleural effusions prior to gadolinium injection. **(B)** After gadolinium administration, the signal intensity within the pericardial collection increases, suggesting a hypervascular tissue.Video 4BVideo 5CMR. **(A)** SSFP sequence, vertical long-axis view, demonstrating decreased signal intensity in the pericardial collection, prior to gadolinium injection. **(B)** After gadolinium administration, the signal intensity within the pericardial collection increased, as can be seen in this three-chamber view. In addition, notice the systolic flow acceleration across the aortic valve, the diastolic aortic regurgitant jet, the aortic valve leaflets thickening and restriction, and the thickening and restriction of the aortomitral curtain, all of which are late effects of radiation heart disease, thus wrongly supporting radiation-induced constrictive pericarditis as the primary etiology.Video 5BVideo 6CMR free-breathing sequence demonstrates inspiratory diastolic septal flattening (caudal diaphragmatic motion), which recovers during expiration (cranial diaphragmatic motion), providing evidence of constrictive physiology and supporting prior echocardiographic findings.
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